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Recap

• Ultimate goal of SNOWMASS is a report that includes the community 
views of where the field should go in the next 10 years 

• For physics topics, sensitivity studies are useful to demonstrate 
future physics reach, but for Instrumentation, this is more challenging 

• In addition, the recent BRN was also a huge community-led effort 
that we want to leverage (Noble Elements was a dedicated topic) 

• After some discussions with other conveners, we came up with a 
proposal to make efficient progress towards the SNOWMASS report

https://science.osti.gov/-/media/hep/pdf/Reports/2020/DOE_Basic_Research_Needs_Study_on_High_Energy_Physics.pdf?la=en&hash=A5C00A96314706A0379368466710593A1A5C4482
https://science.osti.gov/-/media/hep/pdf/Reports/2020/DOE_Basic_Research_Needs_Study_on_High_Energy_Physics.pdf?la=en&hash=A5C00A96314706A0379368466710593A1A5C4482


Starting point: BRN
• The BRN made huge effort to cover all noble element-related 

instrumentation topics 

• We will start from there: 

•

Priority Research Direction (PRD) Technical Requirement (TR)

PRD 4: Enhance and combine existing modalities to in-
crease signal-to-noise and reconstruction fidelity
PRD 5: Develop new modalities for signal detection

TR 1.3.3, 2.1, 2.4, 2.5, 2.7, 2.9, 3.3, 3.6,
3.9, 3.12, 3.13, 3.15, 3.17, 3.19

PRD 6: Improve the understanding of detector micro-
physics and characterization to increase signal-to-noise and
reconstruction fidelity

TR 2.8, 2.9, 3.3, 3.6, 3.9, 3.12, 3.13,
3.15, 3.17, 3.19

PRD 25: Advance material purification and assay methods
to increase sensitivity

TR 2.3, 3.1, 3.4, 3.7, 3.10

PRD 26: Addressing challenges in scaling technologies TR 2.1, 2.3, 2.4, 2.7, 2.9, 3.2, 3.5, 3.8,
3.11 , 3.14, 3.16, 3.18, 3.20

Table 15: Table mapping Priority Research Directions to Technical Requirements.

Connection to physics requirements for the future: Noble element detectors operate over a wide
range of energy scales, observing tracks of MeV to GeV scales for neutrino experiments like DUNE, and
down to the keV nuclear recoils that would be induced by dark matter scattering. Pushing these detectors
to lower energy thresholds while maintaining control of backgrounds is a priority for this technology, driven
by requirements for new physics searches as discussed in Sections 3.2 and 3.3.

A major challenge in the detection of neutrinos in argon TPCs is to reach high signal-to-noise per readout
channel in 10-kt scale detectors (see TR 2.7, TR 2.9). Achieving high spatial resolution readout (at the sub-
mm scale) (see TR 2.1, 2.4) is an active area of R&D focused on improving reconstruction fidelity at lower
energy thresholds, as well as reducing neutrino interaction systematic uncertainties (see TR 2.1, 2.7, 2.9).

Key issues in the detection of dark matter are to reach recoil energy thresholds at the keV-scale and below
(see TR 3.3, 3.6, 3.9, 3.12, 3.13, 3.15, 3.17, 3.19), and to demonstrate particle identification for discrimination
against backgrounds at these low thresholds. Given current constraints in physics parameter space, dark
matter-induced signal rates are predicted to be at the level of 1 event/ton/year/keV.

Neutrinoless double beta decay searches share challenges similar to direct dark matter detection, as
background suppression is also the primary challenge in this area. The planned ton-scale experiments aim
for background rates at or below 1 decay/ton/year in a ⇠10 keV region of interest around the endpoint of
the two-neutrino beta decay (2.5 MeV in 136Xe).

Five Priority Research Directions are identified where progress could be transformative for the perfor-
mance of noble element detectors. Table 15 maps these PRDs to the technical requirements.

4.2.2 PRD 4: Enhance and combine existing modalities to increase signal-to-noise and re-
construction fidelity
PRD 5: Develop new modalities for signal detection

Significantly enhancing the amount of signal collected by noble element detectors, in the form of charge,
light, heat, novel detection signals, and multi-modal combinations, as well as increasing the fidelity of the
signals collected, would greatly enhance the capability of the noble element detector technology. Lower
energy thresholds will improve the current level of performance achieved in existing experiments and allow
future experiments to achieve entirely new physics reach.

Thrust 1: Improve and enhance light collection

Increasing the light collected from noble element detectors will improve both their calorimetric and topo-
logical reconstruction capabilities (see TR 2.1, TR 2.4, TR 2.5). Two clear ways to accomplish this are: by
increasing the likelihood that any given photon will hit a light sensor, via large-area photocoverage or other
means like wavelength-shifting, and by improving the detection e�ciency of those sensors. We address the
former here, the latter is included in Section 4.3.
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Thrust 2: Improve and enhance charge collection

One key goal in the area of charge collection is to achieve unambiguous 3D charge imaging. Projective 2D
readout, as shown in Figure 24, can lead to ambiguities in event reconstruction, especially for complex event
topologies, and for events where the particle trajectory is parallel or perpendicular to readout channels. These
ambiguities lower event reconstruction e�ciencies and increase background contamination, two e↵ects that
negatively impact the physics reach of these detectors. The goal is to reach a detector readout granularity
that can achieve a per-channel signal-to-noise ratio better than 10 for energies above 100 keV in kton-scale
detectors.

Figure 24: Inside of the protoDUNE TPC. The wire planes,
o↵ering a projective readout, can be seen on the left of the
TPC [212].

A science-objective-driven priority for no-
ble element detectors is to lower the event
energy threshold (see TR 2.7, 2.9, 3.3, 3.6,
3.9, 3.12, 3.13, 3.15, 3.17, 3.19) and thus ex-
tend the physics reach of these detectors. For
neutrino experiments, the goal is to achieve
10 MeV deposited energy threshold with
microphysics-limited resolution. Neutrinoless
double beta decay and dark matter experi-
ments have a goal of single electron thresh-
olds (⇠10 eV) with internal backgrounds sub-
dominant to the coherent neutrino-nucleus
scattering floor [213]. Lowering thresholds in
liquid argon TPCs to the keV scale may require
direct amplification of the signals produced by
drifting electrons, similar to the gain achieved
in gaseous detectors. Alternatively, the explo-
ration of ultra-low noise charge collection de-
vices that do not require carrier amplification
should also be aggressively pursued. Another
interesting research avenue is the investigation
of the energy resolution enhancement of future

large LAr calorimeters at colliders that could be achievable by exploiting the combined readout of the anti-
correlated charge and light signals (see TR 1.3.3).

Thrust 3: Improve and enhance integration of charge and light collection

Traditionally, the detector elements used for charge detection and light detection are separate technologies in
neutrino oscillation experiments using noble elements. Integration of charge and light detection modes into
a single integrated detector element is an aspiration that would simplify large detectors, and enhance light
collection by increasing the percent-level light sensor coverage of current systems. Moreover, if such a device
could be made sensitive to the VUV scintillation directly, with reasonable quantum e�ciency (� O(20%))),
detectors could exploit: (i) the collection of fine-grained information for both charge and light, opening up
new possibilities to exploit previously undetectable associations from the production of the two signals; (ii)
enhanced imaging capability free from the additional timing uncertainty introduced via wavelength-shifter
re-emission, (iii) improved light collection via increased surface area coverage, which will improve energy
resolution, and (iv) simplification of the design of larger-scale detectors.

Thrust 4: Improve and enhance heat collection

The third major mechanism for energy deposition is heat, as shown in Figure 22. This channel has been
demonstrated in bubble chambers using superheated liquids, notably the PICO dark matter experiment [214],
that observe heat deposition above a threshold (see Figure 25). Measurement of heat energy in addition
to charge and light would allow for 100% reconstruction of the energy deposited by a particle in the target
medium, and would increase background discrimination capability.
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Figure 25: Two views of an example multiple bubble event
in the PICO-60 bubble chamber detector, caused by a neu-
tron interacting in the liquid [214].

For the future, noble liquid bubble cham-
bers hold the promise of extending the intrin-
sic background rejection to energy thresholds
as low as a few tens of eV [215]. Achieving this
threshold would open new parameter space to
search for dark matter below 1 GeV/c2 mass,
and high rate detection of MeV neutrinos at
reactors or other facilities via coherent interac-
tions. Bubble chambers are discussed in PRD
24 for their broad applicability both in sci-
ence goal and in medium/material. Combining
quantum photodetectors with noble element
technologies, superfluid helium detectors can
provide sensitivity to meV-scale excitations for
dark matter or other searches.

Thrust 5: Enhance and develop doping
and ion collection

Another promising direction for noble element
detectors is target mixtures or doping with
other elements. Such mixtures can improve
sensitivity by changing the characteristics of the detector response in a beneficial way, e.g., wavelength-
shifting and time-profile compression. In gaseous detectors, some quenching of the light production is
necessary for stable detector operation, and investigation of novel gas mixtures may provide an avenue for
improved signal collection along with stable operations. For liquid detectors, on the other hand, mixtures
can be exploited to extend the physics reach of the experiments by, e.g., adding new nuclei that provide dark
matter sensitivity down to lower masses. Again, the cross-cutting nature of this area of work motivates its
discussion in PRD 24.

A complimentary signal channel for noble element detectors is detecting ions, as opposed to electrons,
created by ionization energy deposition. Ions drift to the collection plane with di↵usion lower than electrons
by the mass ratio, thus signals from ions can o↵er more precise spatial imaging, down to the ion di↵usion limit.
Ions can potentially have much longer e↵ective lifetime during the drift because attachment cross sections are
less than those of electrons for a range of drift fields. For NLDBD, the detection of daughter ions, e.g., via
barium tagging, carries chemical information which provides orthogonal background discrimination. Ions,
which are less a↵ected by some microphysics such as di↵usion, may also carry complementary information,
useful for calibration. Negative ion drift also presents advantages for gaseous detectors – discussed in PRD
24.

Research Plan

High-priority research activities for the future include the following:

1. Increasing the light collected (most of which is emitted in the VUV range) over many tens to hundreds
of square meters and improving the light detection e�ciency of sensors, addressed in PRD 5, are crucial.
Another important area of research is to enable high-e�ciency wavelength-shifting techniques via novel
thin films, fluorescent and scintillating structural materials, and dissolved atoms and molecules (the
latter overlapping PRD 24 to some extent). In addition, the development of highly reflective surfaces
over large detector components promises to greatly improve light collection e�ciency.

2. Today, laboratory bench-top demonstrators exist for some promising technologies for unambiguous
3D charge imaging. On a five-year horizon, the aspiration is to demonstrate this capability at the
multi-square meter scale. This R&D entails the development of readout ASICs suitable for cryogenic
environments. Electron amplification in liquid is being investigated, but it has not yet been harnessed
in a stable, linear, and reproducible way. Challenges include the formation of bubbles, management of
heat load, and management of the additional ions created in the avalanche.
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We believe that these topics include every LOIs we have received



Proposed plan
• In order to avoid duplication of efforts from the BRN and to be 

efficient (and fully inclusive!) for the SNOWMASS report: 

1. Take a look at the BRN to ensure that you feel and interpret the text as 
directly related to your LOI. If not, please let us know as soon as possible. 

2. Decide if it makes sense to combine efforts with other LOIs (this will be 
discussed with the IF08 conveners to ensure coherent effort). See next slide. 

3. Prepare a 1-2 pager IF08 Executive Summary (USE TEMPLATE PLEASE). 
These will include references to any existing material (arxiv, slides, papers). 
They will serve as the input to the report without necessary the need for White 
Papers. 

4. If for any reasons, you would like to go ahead with a “White Paper”, you are 
welcome to (they may be useful for several purposes), but please complete 
step 3 anyway.



Potential Groupings



Potential Groupings



Potential Groupings
• These are outside our direct remit, but would be mentioned in the 

report briefly, referring to other sections



Next Steps (subject to change with ongoing delaying discussion)

• Undergoing discussion of pausing/delaying process would directly 
affect this plan (to be determined soon) 

• Series of IF08 Topical Group meetings to discuss the grouped topics 
(see previous slides). There are 4 groups of topics and we plan 8 bi-
weekly meetings (2 in Jan., 2 in Feb., 1 Mar. (overlap with CPAD), 2 Apr., 1 May). 

• In mid-May, we will have met and discussed with all the groups (and 
all LOI submitters) twice and everyone will be able to proceed with 
their executive summaries which will be presented in IF08 meetings 
in May and June, to be submitted by July. 

• For people going ahead with “White Papers”, please try to 
coordinate within your topic group (we can use bi-weekly to organise 
this). If you are not able to do so, at least coordinate for the 
Executive Summaries, as these need to have a coherent pitch.



Executive Summary Template 



Discussion…
• Comments/suggestions/concerns on this plan?


